The epididymal epithelium provides the microenvironment for sperm maturation 
Introduction
The epididymis is a convoluted tubule embedded in a connec¬ tive tissue matrix. Embryologically, it is derived from the Wolffian duct and, in adult mammals, reaches considerable complexity from both an anatomical and functional point of view (Bedford, 1975; Hamilton, 1975; Cooper, 1986) . The proximal epididymis plays an essential role in sperm matura¬ tion which is critical for the ability of the cell to fertilize an egg and is thought to be promoted by the interaction of sperma¬ tozoa with epididymal secretions (Orgebin-Crist et al, 1981;  Bedford and Hoskins, 1990) . In contrast, the main function of the distal epididymis is temperature regulated storage of mature spermatozoa (Bedford, 1978) . Study of epididymal physiology may, therefore, provide clues to how spermatozoa achieve and maintain their fertilizing capacity.
Classic studies have shown a role for androgens in the regulation of the epididymis (Cameo and Blaquier, 1976; Brooks and Higgins, 1980; Tezon et al, 1985) ; however, it is often difficult to discriminate direct effects on the epididymis from those caused indirectly by an effect on testicular function.
In addition, the distal epididymis is temperature regulated (Bedford, 1978; Esponda and Bedford, 1986; Pera et al, 1996) , but limitations inherent in the in vivo system have not allowed examination of this feature for the proximal regions. The development of in vitro systems seems essential to improve our knowledge of epididymal physiology. Such an experimental system may also be useful in promoting the in vitro maturation of spermatozoa, which would enable investigation of the molecular mechanisms that underlie epididymal maturation (Moore and Hartman, 1986; Moore et al, 1992;  Bongso and Trounson, 1996). Many attempts have been made to culture epididymal cells, from the initial studies using organ culture (Orgebin-Crist et al, 1987) to the culture of isolated epithelial cells (Kierszenbaum et al, 1981; Cooper et al, 1989; Byers et al, 1992) . Rat (Byers et al, 1985; Cooper et al, 1989; Finaz et al, 1991) and human (Cooper et al, 1990; Huang et al, 1992; Moore et al, 1992; Raczek et al, 1995) epididymal epithelial cells grow in culture and form confluent monolayers. The cells keep their structural features, including a well developed Golgi apparatus, and maintain their polarity, endocytotic activity and junctional relationships (Djakiew et al, 1984; Cooper et al, 1989; Byers et al, 1992) . The cells secrete several specific products (alkaline and acid phosphatases, N-acetylglucosaminidase and secretory proteins; Kierszenbaum et al, 1981; Smith et al, 1986; Yeung et al, 1989; Cooper et al, 1990) and metabolize testosterone to the active metabolite, dihydrotestosterone (Brown et al, 1983; Amann et al, 1987; Raczek et al, 1994) .
A major obstacle to the study of purified epithelial cells, however, is their tendency to lose hormone responsiveness (Cunha et al, 1985) . Prostatic (Fig. 2a) . Junctional complexes were observed, especially in the apical pole. The endoplasmic reticulum and Golgi apparatus were well developed (Fig. 2b) and there were vesicles of several sizes that may have been multivesicular bodies, secretory granules or endocytotic ves¬ icles. These vesicles were especially abundant in the apical pole, in which accumulations of mitochondria could also be found (Fig. 2c) . At the basal pole, some vesicles and mitochondria could also be distinguished (Fig. 2d) . Polarity was dependent on cell density, with a flattened shape and fewer microvilli at lower density (Fig. 2e) . Fibroblast-like cells presented a mark¬ edly different morphology. Electron micrographs confirmed that they neither formed monolayers nor displayed signs of polarity (Fig. 3a) . They had elongated central nuclei, abundant rough endoplasmic reticulum and relatively few organelles. Cytoplasmic fibrils could be seen in some areas (Fig. 3b) . For further characterization of these populations, the epithelial cell markers cytokeratin and uvomorulin were used. Epididymal epithelial cell preparations stained positively (Fig 4a, b) and specifically (Fig 4c) for both markers, whereas fibroblast-like cells were negative (uvomorulin is shown in Fig. 4d (Fig. 5) . The mitotic indices at 37°C peaked on day 3 while, at 32°C, the peak was not reached until day 4 (Fig. 5a ). Temperature also had an effect on cell viability. At 37°C, the peak of growth occurred rapidly and, once proliferation stopped, the cells did not survive. At 32°C, however, although growth occurred at a slower rate, cells survived even when they were no longer proliferating (Fig. 5 , compare (a) with (b)). Aside from temperature, the other factors examined (cell density, androgens and coculture with fibroblasts) did not detectably influence cell proliferation.
Localization of androgen receptor
Under our culture conditions, androgen receptors were detected in the nuclei of fibroblasts, but only in those cultured in the presence of androgens (Fig. 6a, b ). They were also present in the nuclei of epithelial cells cocultured with fibro¬ blasts in the presence of androgens, regardless of the tempera¬ ture (Fig. 6c, d ). Although present initially, the androgen receptor was undetectable by day 3 when the epithelial cells (Fig.  7, lanes d and e) . When the epithelial cells were not cocultured with fibroblasts (Fig. 7, lane b) or when coculture occurred in the absence of androgens (Fig. 7, lane c) , CP 27 was substan¬ tially reduced. CP 27 was also undetectable in supernatants from cultured fibroblasts (Fig. 7, lane a) . The secretion of CP 27 by cultured cells varied with time (Fig. 8) (Fig. 9) epithelial cells used in these studies were purified from the distal caput and proximal corpus of the epididymis since these regions play an important role in sperm maturation (OrgebinCrist et al, 1981; Bedford and Hoskins, 1990; Soler et al, 1994) and are easily digested using collagenase and dispase. Onemonth-old mice were used because, in young animals, fewer spermatozoa are present in the tubules and the connective tissue is more easily digested, enabling consistent recovery of larger numbers of cells than from older mice. The cultured epithelial cells exhibited < 5% contamination with other cell types, as judged by staining with lectins and cytokeratin.
Regardless of the coculture with fibroblasts, these epithelial cells behaved as predicted; they formed confluent monolayers and retained ultrastructural and cytochemical features of epi¬ thelial cells. The most typical feature, marked polarity (mainly measured by cell height and development of apical structures, such as microvilli) was maintained and, importantly, it was correlated with cell density. Cells at low densities were flattened and had scarce microvilli, whereas at higher density they varied from cuboidal to columnar, although they never reached the height of the epithelium in vivo. They also displayed longer and more abundant microvilli. This effect on cell morphology has been reported by others (Byers et al 1986) and suggests that intraepithelial paracrine factors play a role in maintaining a differentiated epithelial cell pattern. Finally, the cultured cells displayed positive staining for cytokeratin and uvomorulin, recognized markers of epithelial cells (Byers et al, 1985 (Byers et al, , 1992 Finaz et al, 1991 (Regalado et al, 1993; Pera et al, 1996) . (Regalado et al, 1993) and dogs (Pera et al, 1996) . 
